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doi:10.1016/j.jtcvs.2007.05.018bjective: During one-lung ventilation, surgical positions significantly affect dete-
ioration of oxygenation, and the lateral decubitus position is superior in preventing
angerous hypoxemia compared with the supine position. However, additional
ead-down tilt causes more compression of the dependent ventilated lung by the
bdominal contents and may result in dangerous hypoxemia, as occurs in the supine
osition. Therefore, we evaluated the effect of head-down tilt on intrapulmonary
hunt and oxygenation during one-lung ventilation in the lateral decubitus position.
ethods: Thirty-four patients requiring one-lung ventilation were randomly allo-
ated to the control group (n  17) or the head-down tilt group (n  17).
emodynamic and respiratory variables were measured 15 minutes after one-lung
entilation in the lateral decubitus position (baseline), 5 and 10 minutes after a
0-degree head-down tilt (T5 and T10, respectively), and 10 minutes after the
atient was returned to a horizontal position (T20) in the head-down tilt group.
easurements were done at the same time points in the control group without
ead-down tilting.
esults: In the head-down tilt group, cardiac filling pressures were increased after
ead-down tilt without any changes in cardiac index. Percent change of shunt to
aseline value was significantly increased at T10 and T20 in the head-down tilt
roup. Percent change of arterial oxygen tension to baseline value was significantly
ecreased at T5, T10, and T20 in the head-down tilt group, whereas it was decreased
nly at T20 in the control group.
onclusion: Head-down tilt during one-lung ventilation in the lateral decubitus
osition caused a significant increase in shunt and a decrease in percent change of
rterial oxygen tension, without causing dangerous hypoxemia.
uring thoracic surgeries requiring one-lung ventilation (OLV), deterioration
of oxygenation is of major concern. Arterial oxygen tension (PaO2) de-
creases progressively with time toward a steady value after the start of OLV
hat corresponds to the pulmonary shunt of deoxygenated blood through the non-
entilated lung and to the ratio of ventilation and perfusion (V/Q) in the ventilated
ung.1,2 Surgical positions considerably influence the deterioration speed and
adir value of PaO2 after the start of OLV.3 In the supine position, dangero
ypoxemia (PaO2  60 mm Hg) occurred even after 10 minutes of OLV, and the
ateral decubitus position was superior in preventing the occurrence of dangerous
ypoxemia.3 In thoracic surgery with OLV in the lateral decubitus position, 
own tilt is sometimes necessary to optimize surgical exposure, especially in lower
obectomy by video-assisted thoracoscopic surgery (VATS) and posterior medias-
inum surgery. However, this causes more compression of the dependent ventilated
ung by the abdominal contents against the paralyzed diaphragm and may result in
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TSncreased intrapulmonary shunt and dangerous hypoxem
s occurs in the supine position. Also, head-down t
ften considered the first step to treat hemodynamic
nstable patients when hypovolemia is suspected in clin
ractice. However, the effects of this maneuver on ca
ulmonary performance remain controversial,4-12 especially
n the lateral decubitus position. Therefore, we evaluated
ffect of head-down tilt on intrapulmonary shunt and 
enation and on hemodynamics during OLV in the la
ecubitus position in a prospective, randomized, control
rial.
aterials and Methods
fter patients’ consent and institutional review board approval
ere obtained, 34 patients scheduled for open thoracotomy or
ATS requiring OLV under general anesthesia were included in
he study. Patients were randomly allocated to the 10-degree
ead-down tilt group or the control group by a computerized
andomization table. Patients with coronary artery occlusive dis-
ase, high intraocular pressure, and cerebrovascular disease were
xcluded. Patients with preoperative forced expiratory volume in 1
econd and forced vital capacity less than 80% of predicted value
ere also excluded.
On arrival at the operating room, standard monitoring devices
ere applied. Anesthesia was induced with 5 mg/kg of thiopental
nd 2 g/kg of fentanyl. Endobronchial intubation with a left-
ided, double-lumen tube (Robertshaw tube, Mallinckrodt Medical
nc, Athlone, Ireland) was facilitated with 0.9 mg/kg of rocuro-
ium, and the position of the double-lumen tube was verified with
fiberoptic bronchoscope. After induction of anesthesia, a radial
rtery catheter was placed and a pulmonary artery catheter (Swan-
anz CCOmbo CCO/SvO2, Edwards Lifesciences LLC, Irvine,
alif) was inserted through the right internal jugular vein. The
atients’ lungs were ventilated with a tidal volume of 8 to 10
L/kg, an inspiratory/expiratory ratio of 1:1.9, and an inspiratory
ause of 10% of total inspiration time at a rate of 8 to 12
reaths/min in 100% oxygen with no positive end-expiratory pres-
ure throughout the study period. The accordance of PaCO2 with
nd-tidal CO2 was confirmed before starting the study, and respi-
atory rate was adjusted to maintain PaCO within 33 to 38 mm Hg
Abbreviations and Acronyms
A-aO2  alveolar-arterial O2 gradient
CI  cardiac index
CVP  central venous pressure
HPV  hypoxic pulmonary vasoconstriction
MAP mean arterial pressure
OLV  one-lung ventilation
PAO2  alveolar oxygen tension
PaO2  arterial oxygen tension
PVRI  pulmonary vascular resistance index
VATS  video-assisted thoracoscopic surgery
V/Q  ventilation and perfusion2
nd pH at approximately 7.4. Anesthesia was maintained with h
14 The Journal of Thoracic and Cardiovascular Surgery ● Septes
soflurane (0.8%–1%), continuous infusion of remifentanil (0.05–
.2 g/kg/min), and vecuronium (1–2 g/kg/min). The central
emperature measured by pulmonary artery catheter was main-
ained at greater than 36°C with a warm mattress, forced warm air
lanket, and fluid warmer as necessary.
All patients were turned to the lateral decubitus position, OLV
as initiated, and tidal volume and respiratory rate were adjusted
ithin the predefined range to maintain peak airway pressure less
han 40 cm H2O and normocarbia. Fifteen minutes later, patients
ere positioned in a 10-degree head-down tilt for 10 minutes and
hen returned to the horizontal position in the head-down tilt group,
hereas the control patients remained horizontal throughout the
tudy period. Ten degrees was chosen because it was the most
requently used degree of tilting in most of the clinical cases as
easured with a goniometer in a preliminary study. The pressure
ransducers were located at the level of the right atrium during all
hases of the study and recalibrated after each position change.
rterial blood samples were measured with an automated blood
as analyzer (Stat Profile CCX, Nova Biomedical, Waltham,
ass).
Hemodynamic variables, arterial and mixed venous blood gas
nalyses, peak airway pressure, and dynamic pulmonary compli-
nce were recorded at the following points. In the head-down tilt
roup, measurements were done at 5 minutes after induction of
nesthesia, 15 minutes after OLV in the lateral decubitus position
baseline), 5 and 10 minutes after 10-degree head-down tilt (T5
nd T10, respectively), and 10 minutes after the patient was
eturned to the horizontal position (T20). In the control group,
easurements were done at the same time points while the patients
emained horizontal in the lateral decubitus position. Hemody-
amic measurements included mean arterial pressure (MAP), cen-
ral venous pressure (CVP), pulmonary capillary wedge pressure,
nd cardiac index (CI). Corresponding systemic vascular resis-
ance index and pulmonary vascular resistance index (PVRI) were
alculated using standard formulae. Oxygen content (CxO2) in
rterial and mixed venous blood was calculated using the equation:
xO2  1.36 · Hb · SxO2  0.0031 · PxO2, where Hb 
emoglobin concentration (grams/deciliter) and SxO2  oxygen
aturation. The alveolar-arterial O2 gradient (A-aO2) was calcu-
ated as the difference between alveolar oxygen tension (PAO2) and
aO2. The intrapulmonary shunt was determined using the for-
ula: shunt (CcO2 CaO2)/(CcO2 CvO2), CcO2 capillary
2 content calculated assuming that pulmonary capillary O2 partial
ressure is equal to PAO2.13 Percent change of shunt, PaO2, and
-aDO2 from the baseline values were calculated as follows:
value at a given point  baseline value) * 100/(baseline value).
This study was planned to terminate if MAP decreased more
han 20% of postinduction value, requiring vasoactive drug ad-
inistration or SpO2 as measured by pulse oximetry declined to
ess than 90%, or if PaO2 decreased less than 60 mm Hg. To control
actors affecting hypoxic pulmonary vasoconstriction (HPV), any
se of vasoactive drugs and surgical incision were withheld until
fter completion of study.
Statistical analyses were performed with the Statistical Package
or the Social Sciences 12.0 (SPSS Inc, Chicago, Ill). All data are
xpressed as mean  standard deviation or number of patients.
ecause there was no previous study evaluating the effect of
ead-down tilt during OLV in the lateral decubitus position in
mber 2007
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TSatients undergoing thoracic surgery, sample-size calculation w
erformed on the basis of a preliminary study with the follo
ssumptions: 80% power to detect a 10% difference in pe
hange of PaO2 from baseline value between the groups wit
tandard deviation of 10% and an alpha level of 0.05 usi
ndependent t test. This generates an estimate of 17 patients 
roup. Data between the groups were compared using the 
quare test, Fisher exact test, or independent t test as appropriate
hanges between time points within the group were comp
sing univariate analysis of variance with post hoc comparisons
sing the Dunnett test.
ABLE 1. Patient characteristics
Control
(n  17)
Head-down tilt
(n  17) P value
ge (y) 52.7 13.6 53.9  9.0 .757
ex (M/F) 10/7 13/4 .465
ody mass index (kg/m2) 23.7 2.9 23.4  2.3 .815
VC (% as predicted) 95.8 11.9 92.7  15.1 .519
EV1 (% as predicted) 99.3 16.1 102.4 18.6 .614
emoglobin (g/dL) 11.6 1.1 12.3  0.7 .063
perative side (R/L) 13/4 9/8 .282
VC, Forced vital capacity; FEV1, forced expiratory volume in 1 second.
alues are mean  SD or number of patients.
ABLE 2. Changes in hemodynamic variables
roup Baseline
R (beats/min)
Control 68  9
Head-down tilt 61 19
AP (mm Hg)
Control 83  9
Head-down tilt 83 9
CWP (mm Hg)
Control 9.0  2.9
Head-down tilt 8.8 3.1
VP (mm Hg)
Control 4.9  2.7
Head-down tilt 4.8 2.7
I (L/min/m2)
Control 3.2  0.6
Head-down tilt 2.9 0.6
VRI (dynes · sec · cm5 · m2)
Control 2033 411
Head-down tilt 2133 451
VRI (dynes · sec · cm5 · m2)
Control 140  33
Head-down tilt 169 61
R, Heart rate; MAP, mean arterial pressure; PCWP, pulmonary capillary w
ascular resistance index; PVRI, pulmonary vascular resistance index. Val
fter head-down tilt; T10, 10 minutes after head-down tilt; T20, 10 minutes
ach group; †P  .05 versus control group.
The Journal of Thoracicn
esults
he patients in the 2 groups were similar with respect to
ge, sex, body mass index, functional vital capacity, and Hb
alues (Table 1). The diagnoses of the patients were pri
ung cancer (25 patients), lung metastases (6 patients), thy-
oma (2 patients), and endobronchial tuberculosis (1 pa-
ient). The surgical interventions that had been performed
ere pneumonectomy (2 patients), lobectomy (21 patients),
edge resection (8 patients), and VATS (3 patients).
None of the patients demonstrated dangerous hypoxemia
r hypotension requiring vasoactive drugs, and the study
as successfully performed in all patients. There were no
ignificant differences in baseline hemodynamic and respi-
atory variables between the groups (Tables 2 and 3).
In intergroup comparisons of hemodynamic variables,
VP at T5 (P  .019) and PVRI at T5 (P  .044) and T10
P  .028) were significantly higher in the head-down tilt
roup. Other variables were similar.
In intragroup comparisons of hemodynamic variables to
aseline values, CVP at T5 (P  .003) and T10 (P  .007),
nd pulmonary capillary wedge pressure at T10 (P  .01)
ere significantly increased compared with baseline values
nd returned to baseline values at T20 in the head-down tilt
roup. Heart rate, MAP, CI, and systemic vascular resis-
ance index were maintained during the study period in the
T5 T10 T20
67 9 66 9 66  11
64  11 63 11 63 12
84 9 85 8 87  10
87 9 87 15 82 10
10.5  3.2 10.7 2.1 10.7 2.7
11.1  2.7 11.8 3.8* 10.1 1.9
5.4  2.6 5.7 2.5 5.9 2.5
7.6  2.8*† 7.5 2.6* 5.2 1.3
3.1  0.6 3.2 0.6 3.3 0.8
3.0  0.6 3.1 0.7 3.1 0.7
2074  382 2067 411 2076 565
2147  480 2110 521 2049 505
145  30 139 35 147 38
176  52† 173 50† 158 50
pressure; CVP, central venous pressure; CI, cardiac index; SVRI, systemic
re mean  SD. Baseline, 15 minutes after initiation of OLV; T5, 5 minutes
horizontal position following head-down tilt. *P  .05 versus baseline inedge
ues a
afterand Cardiovascular Surgery ● Volume 134, Number 3 615
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TSead-down tilt group. In the control group, there wer
ignificant changes throughout the study period (Table 
In intergroup comparisons of respiratory variables, th
ere no significant differences in the absolute value
aO2, A-aO2, and shunt. Percent PaO2 was significantly
ower in the head-down tilt group at T5 (P  .013) and T10
P  .044). Percent A-aO2 was significantly higher in t
ead-down tilt group at T5 (P  .034). Percent shun
howed a trend toward higher percent shunt in the h
own tilt group at T20 (P  .083) without statistical sig
ificance. Peak airway pressure was significantly highe
5 (P  .032) and T10 (P  .023) in the head-down t
roup without any differences in dynamic pulmonary c
liance (Table 3).
In intragroup comparisons of respiratory variables 
aseline values, shunt was significantly increased at T10P
 .041) only in the head-down tilt group. Percent PaO2 was
ignificantly decreased at T20 (P  .022) in the contro
roup, whereas it was significantly decreased at T5 (P 
021), T10 (P  .02), and T20 (P  .017) in the head-dow
ilt group. Percent A-aO2 was significantly increased at T2
n both groups (P  .01 in the control group; P  .024 in
he head-down tilt group). Percent shunt was significa
ncreased at T10 (P  .019) and T20 (P  .026) only in the
ead-down tilt group. Peak airway pressure and dynamic
ulmonary compliance did not show any significant changes
n both groups (Table 3).
iscussion
n this prospective, randomized, controlled study assessing
ABLE 3. Changes in respiratory variables
ariable Group Baseline
aO2 (mm Hg) Control 309 54
Head-down tilt 299 49
change of PaO2 Control
Head-down tilt
-aO2 (mm Hg) Control 361 53
Head-down tilt 372 49
change of A-aO2 Control
Head-down tilt
s/Qt (%) Control 25.5 7.3
Head-down tilt 21.9 3.0
change of Qs/Qt Control
Head-down tilt
AW (cmH2O) Control 21  4
Head-down tilt 24 6
dyn (mL/cmH2O) Control 29  9
Head-down tilt 28 8
aO2, Arterial oxygen tension; Qs/Qt, pulmonary shunt fraction; PAW, peak
5 minutes after initiation of OLV; T5, 5 minutes after head-down tilt; T10, 10
ead-down tilt; *P  .05 versus baseline in each group; †P  .05 versushe effect of 10-degree head-down tilt for 10 minutes during b
16 The Journal of Thoracic and Cardiovascular Surgery ● Septe-
LV in the lateral decubitus position on respiratory vari-
bles and cardiac performance, we observed a significant
ncrease in percent shunt and a decrease in percent PaO2
ithout eliciting dangerous hypoxemia. The absolute values
f shunt and PaO2 showed no significant changes except the
hunt at T10 in the head-down tilt group, which was in-
reased compared with baseline value. These changes were
ccompanied by increases in cardiac filling pressures with-
ut any significant changes in CI.
OLV is frequently used in thoracic surgeries, and in
ome patients, severe hypoxemia may occur, mandating
mplementation of other therapies to provide adequate ox-
genation. The cause of hypoxemia during OLV is mainly
n increase in intrapulmonary shunt through the nonventi-
ated lung. The principle mechanism to achieve better V/Q
atching is to reduce pulmonary perfusion in the nonven-
ilated lung. In a previous study, the lateral decubitus posi-
ion prevented life-threatening hypoxemia (SpO2  90%)
n 92% of the patients, which developed approximately 10
inutes after the start of OLV in 82% of patients in the
upine position in anesthetized humans.3 Both HPV and
ravity cooperate to reduce pulmonary blood flow in the
ondependent lung,3 and gravity is an important factor 
he redistribution of pulmonary perfusion with proportion-
lly more blood flow in the dependent areas of a lung in the
ateral decubitus position.14
Although the lateral decubitus position is safer than the
upine position, placing anesthetized patients in this posi-
ion results in significant V/Q mismatch. With mechanical
entilation, the expansion of the dependent lung is restricted
T5 T10 T20
307 56 307 55 290  52
279 47 279 47 272  46
0.7  5.3 0.9  7.1 6.5  10.0*
6.3  6.7*† 6.4  7.8*† 6.8  8.8*
364 56 364 55 384  51
391 48 391 48 400  46
0.7  5.1 1.1 6.9 7.6  11.3*
5.3 6.7† 5.4 7.8 6.4  8.3*
32.6 14.5 29.5 13.5 29.9  6.6
28.3 9.4 30.8 16.9* 30.1  6.1
29.3 60.7 19.9 43.8 22.5  28.0
28.9 33.8 40.7 70.3* 41.8  29.5*
21  4 21 4 22  4
25  6† 25 6† 24  5
29  6 30 6 30 6
27  6 26 6 28 7
y pressure; Cdyn, dynamic compliance. Values are mean  SD. Baseline,
tes after head-down tilt; T20, 10 minutes after horizontal position following
ol group.airwa
minuy abdominal contents impinging on the diaphragm, result-
mber 2007
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G
TSng in overventilation of the nondependent lung and un
entilation of the dependent lung. This leads to los
unctional residual capacity, atelectasis, and decrease 
ompliance in the dependent lung.15-17 In thoracic surgery
ead-down tilt is sometimes required for optimal surg
xposure during thoracoscopic procedures or in manag
emodynamic instability. In anesthetized and paralyzed 
ients in the lateral decubitus position, additional head-do
ilt might aggravate cephalad displacement of the abdom
ontents and cause a decrease in functional residual ca
ty, total lung capacity, and compliance,6 which impose th
isk of dangerous hypoxemia on OLV, as in the su
osition. However, no comprehensive data exist regard
he effect of head-down tilt on intrapulmonary shunt 
xygenation during OLV in the lateral decubitus posit
nd we observed that a 10-degree head-down tilt fo
inutes during OLV in the lateral decubitus position
ulted in a significant increase in percent shunt and 
rease in percent PaO2 without eliciting dangerou
ypoxemia.
To minimize factors affecting HPV response, anesth
gents (narcotic  inhalation agent) and acid-base stat
ere controlled throughout the study period. In addit
urgical incision and vasoactive agents were also withh
s our results indicate, additional head-down tilt du
LV in the lateral decubitus position caused a faster
rease in percent PaO2, a faster increase in percent A-a2,
nd a significant increase in percent shunt, which pers
fter return to the horizontal lateral decubitus position. 
hunt values at baseline are consistent with a previous 
ith anesthetized mechanically ventilated patients w
00% oxygen during OLV.18 The decrease in percent PaO2
t T20 (ie, 35 minutes after the onset of OLV) in the 
roup is consistent with the regression curve of PaO2 dec-
ement after OLV start in the lateral decubitus pos
ithout head-down tilt.3 The results showing a further -
rease in percent shunt, which was somewhat higher in
ead-down tilt group than in the control group, even 
he patients were returned to the horizontal lateral decu
osition (P  .083), and a faster decrease in percent PaO2 in
he head-down tilt group, which also has intergroup st
ical significance, clearly indicate the impact of head-do
ilt on these parameters. The effect of head-down til
hese results could be attributable to a combination of 
iple factors aggravating V/Q mismatch. Possible factors
s follows. First, increased atelectasis formation by 
mpingement of abdominal contents against the paraly
iaphragm should be considered. It has been demonstr
hat the magnitude of shunt correlates to the size of a
asis.19 Second, although gravity, rather than HPV respon
as suggested to be a more dominant factor in the 
ution of pulmonary perfusion in the lateral decubitus
ition,3 decreased HPV response should also be considered. a
The Journal of Thoracicf
-
-
rol
r
-
-
i-
PV response is maximal when pulmonary vascular p
ure is normal and is decreased by high or low pulm
ascular pressure. HPV response is induced not only 
ecrease in PAO2 but also by a decrease in mixed ven
xygen tension, which under the same conditions refl
ardiac output.20 Because there were no significant diff-
nces in CI between the groups, increased peak air
ressure and PVRI in the head-down tilt group would c
 less-effective HPV response because the pulmonary 
ulation is poorly endowed with smooth muscle and ca
onstrict against an increased vascular pressure.21 Because
one of the patients demonstrated dangerous hypoxem
nd neither of the absolute values of shunt or PaO2 showed
linically significant changes, the dominant role of gra
s indicated in the redistribution of pulmonary blood flo
he lateral decubitus position enhancing V/Q and ther
reventing the occurrence of dangerous hypoxemia.
The limitations of this study are as follows. First
aximal HPV response in anesthetized humans in the
ine position occurred within 15 minutes22; however, th
ime of maximal HPV response during OLV in the la
ecubitus position has not been demonstrated. For eth
easons, we confined the duration of head-down tilt t
inutes. The duration was set with regard to a finding
 previous study showing that 92% of patients demonstr
angerous hypoxemia during OLV in the supine positio
0 minutes,3 and to limit the duration of delaying surg
rocedure, which was withheld to minimize its influenc
he HPV response. Therefore, the duration in this s
ight not be sufficient to have induced maximal HPV
esponse. Unlike in the supine position, considering that
PV response seems to contribute only a minor portion in
edistribution of pulmonary blood flow in the lateral decu-
itus position with a more dominant role of gravity, more
rolonged duration of head-down tilt would not have re-
ulted in better preservation of either percent shunt or per-
ent PaO2. Second, to avoid distorting comparative outcome,
e excluded patients with decreased pulmonary function
forced expiratory volume in 1 second and forced vital
apacity  80%), who could be more susceptible to dan-
erous hypoxemia during OLV; therefore, these results
hould not be extended to this subset of patients.
onclusions
dditional 10-degree head-down tilt for 10 minutes during
LV in the lateral decubitus position caused a significant
ncrease in percent shunt that persisted after return to the
orizontal lateral decubitus position, a faster decrease in
ercent PaO2, and a faster increase in percent A-aO2. These
hanges were accompanied by transient increases in cardiac
lling pressures without any changes in CI. However, none
f the patients demonstrated dangerous hypoxemia, and the
bsolute values of shunt and PaO2 showed clinically insig-
and Cardiovascular Surgery ● Volume 134, Number 3 617
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G
TSificant changes between the groups. Therefore, brief peri-
ds of additional head-down tilt during OLV in the lateral
ecubitus position for optimizing surgical exposure are well
olerated in patients with preserved pulmonary function.
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